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(57) Abstract 

The invention concerns a novel use of bioactive silica containing glass. According to the present invention, the said glass is used for 
making a preparation which reduces the pulpal irritation of a tooth and/or strengthens the structure of a tooth. The invention also presents a 
pharmaceutical preparation, including a glass phase which is bioactive silica containing glass in the form of a paste, suspension or solution 
mixed in a physiologically suitable liquid or bound to a physiologically suitable vehicle, and which preparation reduces the pulpal irritation 
of a tooth and/or strengthens the structure of a tooth. Bioactive silica containing glass may be a material which contains only Si-oxide 
or Si-hydroxide and which allows the formation and movement of Si-OH-groups. Preferably, the preparation also comprises calcium and 
phosphate sources. 



FOR THE PURPOSES OF INFORMATION ONLY 



Codes used to identify States 
applications under the PCT. 



AT 


Austria 


AU 


Australia 


BB 


Barbados 


BE 


Belgium 


BF 


Burkina Faso 


BG 


Bulgaria 


BJ 


Benin 


BR 


Brazil 


BY 


Belarus 


CA 


Canada 


CF 


Central African Republic 


CG 


Congo 


CH 


Switzerland 


CI 


C6te d'lvoire 


CM 


Cameroon 


CN 


China 


CS 


Czechoslovakia 


CZ 


Czech Republic 


DE 


Germany 


DK 


Denmark 


ES 


Spain 


FI 


Finland 


FR 


France 


GA 


Gabon 



party to the PCT on the front pages 



GB 


United Kingdom 


GE 


Georgia 


GN 


Guinea 


GR 


Greece 


HU 


Hungary 


IE 


Ireland 


IT 


Italy 


JP 


Japan 


KE 


Kenya 


KG 


Kyrgystan 


KP 


Democratic People's Republic 




of Korea 


KR 


Republic of Korea 


KZ 


Kazakhstan 


LI 


Liechtenstein 


LK 


Sri Lanka 


LU 


Luxembourg 


LV 


Latvia 


MC 


Monaco 


MD 


Republic of Moldova 


MG 


Madagascar 


ML 


Mali 


MN 


Mongolia — 



pamphlets publishing international 



MR 


Mauritania 


MW 


Malawi 


NE 


Niger 


NL 


Netherlands 


NO 


Norway 


NZ 


New Zealand 


PL 


Poland 


PT 


Portugal 


RO 


Romania 


RU 


Russian Federation 


SD 


Sudan 


SE 


Sweden 


SI 


Slovenia 


SK 


Slovakia 


SN 


Senegal 


TD 


Chad 


TG 


Togo 


TJ 


Tajikistan 


TT 


Trinidad and Tobago 


UA 


Ukraine 


US 


United States of America 


UZ 


Uzbekistan 


VN 


Viet Nam 



WO 96/10985 



PCT/FI95/00539 



New use of bioactive silicious qlass and new 
compositions containing bioactive silicious glass. 



The aim of this invention is to introduce a novel use of 
bioactive glass and new preparations comprising bioactive 
silica containing glass- The said preparations can be used 
for reinforcing a tooth and for closing the dentinal 
5 tubules in the dentine in order to reduce pain transmitted 
to the pulp as a consequence of open tubules . 

Dentine forms the frame of a tooth. It surrounds the pulp 
and is covered by enamel on the crown and cementum on the 
root. The cementum does not always meet the edge of the 

10 enamel at the cement um-enamel junction. In such cases, 
dentine, which is not protected by another type of hard 
tissue , is exposed at the neck of a tooth. In the young, 
this area is usually covered by gingiva which covers this 
particular zone of dentine and prevents its exposure to 

15 irritation from the oral cavity. 

Dentine consists of an extracellular matrix, which is 
formed by odontoblasts lining the pulp cavity. When dentine 
is formed and it becomes thicker, each odontoblast leaves 
behind a cell extension i.e. an odontoblast process. These 
20 processes remain inside the developing tissue and form 
dentinal tubules, which extend from the enamel- 
dentine /cementum-dentine border into the pulp. When 
exposed, open dentinal tubules form a link between the 
dentine surface and the pulp. 

25 The structure of dentine is shown in detail in Figure 1. 

Once the tooth has stopped growing, odontoblasts continue 
their function and form secondary dentine on the pulp side 
of the tooth. They also form hard tissue i.e. intra tubular 
dentine which gradually closes the tubules around the 
30 receding odontoblast processes (Figure 2.). The level of 
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mineralisation of intralobular dentine is significantly 
higher than that of intertubular dentine. The 
mineralisation of dentinal tubules is a very slow but 
natural process, associated with the ageing of a tooth. The 
slow pace and unpredictability of the process are 
manifested as problems in various clinical situations. 

The hydrodynamic pain transmission mechanism of exposed 
dentine can be described as follows: 

Dentinal tubules are 1 - 2 urn in diameter. When a section 
is cut perpendicular to the dentine surf ace, ^ there are 
around 30 000-40 000 dentinal tubules per mm 2 . A dentinal 
tubule is filled with an odontoblast process, surrounded by 
fluid from the pulp. A very strong capillary force prevails 
in open and exposed dentinal tubules. Consequently, fluid 
mechanically removed from the opening of the tubule is 
quickly replaced by fluid flowing out from the pulp. 
Similarly, substances with strong osmotic pressure (e.g. 
sweet solutions) cause an outward flow of fluids in the 
tubule, which in turn, leads to transformations of the 
odontoblasts lining the pulp chamber and tissues 
surrounding ondontoblasts , thus activating the nerve 
endings. On the other hand, irritation transmitted to the 
pulp may be caused by the inward flow of the fluid in the 
dentinal tubule. In practice, the hydrodynamic mechanism 
refers to the fluid flow in a dentinal tubule caused by a 
stimulus and the resulting hydraulic vibration in the pulp. 
According to current opinion and experience, the closing of 
the tubule and the resulting complete or partial prevention 
of fluid flow would lead to a reduction or even elimination 
) of nerve activation, sensed as pain regardless of the 
primary stimulus (1). The pain transmission mechanism is 
illustrated in Figure 3. 

Clinical problems: 

The exposure of dentine and dentinal tubules leading to the 
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pulp may be the result of caries. The hard tissue 
( enamel /cementum) protecting the dentine is destroyed 
during the decay process. The situation leads to the known 
painful symptoms associated with cavity formation. The pain 
5 results from irritation which is transmitted to the pulp 
nerve endings through the dentinal tubules. During the 
decay process, partial mineralisation of tubule contents is 
usually observed. This is a consequence of the high calcium 
and phosphate ion concentration caused by demineralisation 
10 processes of the enamel and dentine in the close vicinity 
of intact dentine tissue. Strengthening of this phenomenon 
and its incorporation into the properties of filling 
materials would be desirable. 

Exposure of dentine is also often associated with the 
15 periodontal diseases of a tooth, and also with the normal 
ageing process and dental hygiene habits. In certain cases, 
even in the young, the gingiva recesses or teeth erupt so 
that the necks of the teeth become exposed. This itself may 
lead to strong painful symptoms, in patients whose dentine 
20 was not covered by the protective and non-sensitive 

cementum in the first place. More often, however, exposure 
of dentine is associated with wrong toothbrushing habits, 
either using too heavy a hand, a coarse brush or the wrong 
technique. This results in worn and hypersensitive teeth, 
25 which affects the person's tolerance of 

hot /cold/bitter /sweet drinks and food, makes breathing more 
difficult in the hot and cold, and also interferes with 
proper oral hygiene. 

Infections in the periodontal tissues and, especially, the 
30 treatment of periodontal infections, generally lead to 

gingival recession and exposure of dentine, often of fairly 
large areas. As successful therapy involves the removal of 
the root cementum protecting dentine, and polishing, which 
wears the teeth further, it is obvious that the general 
35 consequence of such treatment (25%) is the exposure of 

tooth necks and hypersensitivity. If the patient is fairly 
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elderly and their dentinal tubules exhibit a substantial 
layer of highly mineralised intra-tubular dentine, the 
post-treatment pain is less severe. On the other hand, the 
pain resulting from the treatment may, in certain cases, be 
strong, it can continue for weeks and may require the use 
of analgetics. In the most extreme cases, irritation may 
lead to infection and, subsequently, to the death of a 
tooth and root canal treatment. In association with dental 
care, hypersensitive teeth is an irritating problem which 
occurs frequently, and should have a simple and inexpensive 
cure (2). Figure 4 shows a tooth and the area with the 
exposed dentinal surface. 

Known methods of treatment: 

Tooth ache, resulting from cavity formation refers, 
15 regardless of its similarities to hypersensitive dentxne, 
to a different problem area. Sensitivity associated wxth 
caries, and pain caused by irritation is usually treated by 
fillings. At the bottom of the prepared cavity, a 
commercially available preparation is placed against the 
20 pulp, the biologically active component of such preparation 
is usually calcium hydroxide (CaOH 2 ) . At the cell level, the 
strongly alkaline calciumhydroxide first induces 
irritation, which leads to the necrotisation of the tissue. 
Over a longer time span, however, it promotes the healxng 
25 process. The result of the treatment is the formation of 
reparative secondary dentine. The formed tissue layer 
separates the pulp from the damaged area or the filling, 
but its effect on the mineralisation of dentine tubules xs 
minimal . 

30 During filling, the dentinal tubules can also be closed by 
glass ionomer cement, or with different preparations based 
on polymer chemistry (binder plastics, resins, dentxne 
adhesives). These substances close dentinal tubules 
mechanically and improve the retention of the filling bexng 

35 prepared. Fluoride which is released from the glass ionomer 
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cement may, in theory, have a positive effect on the 
mineralisation process of dentinal tubules. However, there 
are no research results of the possible clinical role of 
this phenomenon. Plastic-based preparations have no 
5 biological effects which promote the healing process and/or 
the formation of hard tissue between the pulp and the 
damaged and restored area. 

The epidemiological data describing the extent of the 
problem caused by hypersensitive dentine and the need for 

10 its treatment is limited. In practice, dentine 

hypersensitivity is a common and typically highly variable 
problem. Because the symptoms are linked closely to the 
behaviour of a person and, in the long run, disappear; and 
because there are commercially available toothpastes, which 

15 may lower the sensitivity, the actual extent of the problem 
is difficult to define solely on the basis of how often 
people seek for professional help at their dentist's for 
this particular problem. In association with the treatment 
of inflamed gingivae and supportive tissues of the teeth, 

20 the need to offer relief for hypersensitive teeth is often 
acute . 

Nowadays, two different concepts of treatment for 
hypersensitive teeth are available. These treatments are 
based on either raising the pain threshold of a tooth, or 

25 on the formation of a protective mineralisation precipitate 
either on the surface of a tooth or, preferably, in the 
dentinal tubules. In addition, the treatment involves 
gentle (possibly chemical) plague control, diet guidance 
and confirmation that the irritation threshold of the pulp 

30 is not lowered by masticational overload or a poor filling 
which maintains chronic infection in the pulp. 

For a long time, some toothpastes have contained substances 
designed to give relief to hypersensitive teeth (3, 4, 5, 
6 ) . The goal has been either the denaturation 
35 (formaldehyde) of the contents of the dentinal tubule or 
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the formation of mineral precipitates (strontium chloride, 
fluorides , abrasives ) . 

Sodiumfluorophosphate may infact have some therapeutic 
effects. Potassiumnitrate and potassiumcitate reduce the 
irritability of the pulpal nerves without affecting the 
actual contents of the dentinal tubules (7). The problem 
with substances which merely raise the activation level of 
nerve endings (including corticosteroids) is that they do 
not strengthen the tooth and the pulp remains exposed to 
hydrodynamic irritation even after treatment. Consequently, 
the therapeutic effect of such treatment only lasts for a 
short time. Research results concentrating on the 
therapeutic effects of toothpastes are highly 
contradictory. On one hand, placebo effects, and on the 
15 other hand, pain relieving effects up to 80% have been 

reported. Generally, the problem with toothpastes is that 
they act very slowly, often only after several weeks of 
use. Thus, toothpastes may be suitable for home treatment 
of subacute problems. It is, however, necessary to find 
more powerful and quicker-acting methods for acute pain. 



10 



20 



In clinical situations, today, the most common method for 
treating hypersensitive teeth is to use fluorides - either 
sodiumfluoride or tin fluoride in 2-10% mixtures (8, 9, 
10). Fluoride can also be applied topically to the surface 
25 of a tooth in combination with varnish-based substances 
(Duraphat (11))- The varnish prolongs the effect of 
fluoride, and at the same time, the varnish itself may have 
some tubule blocking effect. At least over a short time- 
span, fluoride preparations have been shown to have 
positive therapeutic effects. Recently, some attention has 
been paid to the acidity of these preparations and 
irritation related to this acidity. It is thought, however, 
that problems caused by the acidity in the pulp can be 
relieved by alternating the use of calciumhydroxide and 
fluoride. This treatment has been empirical. In principle, 
results have been positive. Objective research data of the 
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effects of the treatment or its permanence is not 
available. The presence of alkaline calciumhydroxide may, 
however, complicate the formation of the P*~*«£* 
insoluble, and therefore, desired tinf luorophosphate and 
instead, favour the formation of calciumfluorxde whxch 
dissolves in neutral environment. In such conditions, the 
treatment may be effective, but temporary. 

Solutions which assist the remineralisation of the tooth 
surface may also reduce sensitivity when used to r long 
enough. Due to their watery nature and slow effect, thxs 
xaethod - or those with the toothpastes - is not very good 
for the treatment of acute pain. For example, two 
Mineralisation solutions - A and B - have been ^d. 
Solution A contains 6 mM PO, and B mM Ca. In addxtxon, both 
solutions contain 0.15 mM NaCl and 5 ppm F. 10 ml of 
solution A and 10 ml of solution B are mixed in a glass 
immediately before use. The mixture of mineralisation 
solution, diluted in water is rinsed in the mouth for 1 
minutes, and spat out. It is recommended that thxs 
) procedure is repeated twice a day preferably after tooth 
brushing . 

Potassiumoxalate (K,C 2 0. or KHC,0., 3 - 30%) has also been 
used in the treatment of hypersensitive teeth. The idea 
behind the use of these ohemioals as a therapeutical agent , 
5 is based on the ability of oxalate to precipitate oaloxum 
residing on the surfaoe of a tooth or in the dentinal 
fluid, in this reaotion, crystals which obstruct the 
transmission of hydraulic stimulus fro. the tooth surface 
into the pulp, are forced. A »)or part of the Precrprtate 
,0 thus obtained usually dissolves within a week, but the 
diameter of dentinal tubules remain smaller than before 
treatment. Long-term effects of the treatment a re still to 
be confirmed (3, 12, 13). More permanent results have been 
obtained with f erro-oxalate (6%) than with other 
35 treatments (14). At least one research report, however, has 
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found acidic table salt solutions more effective than 
oxalate against hypersensitive teeth. 

Products base on plastic polymers (resins, dentine 
adhesives) and cyanoacrylate effectively block dentinal 
5 tubules (15). At least over a short time-span, they remove 
pain and protect the pulp from the immediate irritation. 
These substances, however, cannot be regarded as 
biological, since they do not lead to a natural healing 
process and to the mineralisation of dentinal tubules. 
10 Dentine adhesives have also been found to be highly 

allergenic. The dental care personnel, however, are the 
major target of their allergenic effect. Additionally, 
acrylate, meta-acrylate and cyanoacrylate compounds have 
been found to be irritants, and also genotoxic and 
15 carcinogenic both in animal experiments and cell culture 
studies. Plastic-based "coating" also forms a microbe 
retentive surface at the area of gingiva-tooth junction 
which easily leads to the recurrence of the recently 
treated disease. Thus, the use of dentine adhesives, 
20 especially in periodontal patients, cannot be regarded as 
meaningful. When considering filling materials, glass 
ionomer cement has also been proposed for the treatment of 
hypersensitive teeth (11). Advantages of glass ionomer 
cement are its properties to bind dentine and to release 
25 fluoride. In practice, glass ionomer cement is difficult to 
use, especially in the treatment of widely exposed dentine. 
However, it is suitable for the treatment of distinctly 
defined and relatively deep abrasion lesions which are 
found clearly above the gingiva margin. 

30 Older literature suggests that dentinal tubules should be 
blocked by using silver nitrate. The results of using this 
substance have been highly variable. In addition, silver 
nitrate is a highly staining agent. The treatment of root 
surfaces first with zinc chloride and then with potassium 

35 ferrocyanide have also been proposed. The treatment yields 
a protective precipitate on the surface of a tooth. The 
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results have been reported to be satisfactory. If swallowed 
by mistake, however, the agent is toxic. 

The use of a NdYAG laser has been proposed as a potential 
new approach for closing the dentinal tubules. Preliminary 
results with this treatment are promising. The mechanism 
behind the treatment, the permanence of the treatment and 
its possible adverse effects on the pulp are still to be 
confirmed . 

The heterogeneity of possible treatments presented above, 
gives a good picture of a dentist's real and realistic 
choices in the effective treatment of hypersensitive teeth. 
Even after several years of experiments, none of the 
offered alternatives has proved to be any better than the 
other, and thus a predominant method of treatment. Common 
to all the offered methods, is that they do not consciously 
aim at producing an apatite-based compound (Ca^PO,)^, m 
which X is either a hydroxyl or fluoride) - chosen by 
nature - to close the dentinal tubules. Generally, the goal 
has been to make any type of precipitate to block the 
dentinal tubules as quickly as possible (3, 16, 17). None 
of the tested methods of treatment has aimed at 
contributing to the crystallisation process itself, by 
simultaneously adding calcium and/or phosphate whxch 
essentially participates in the formation of 
precipitate/crystals. Therefore, at the background of the 
partly contradictory results reported may be the 
availability of these essential ions during the short 
period of treatment. On the other hand, some of these 
treatments have sought results through the cumulative 
30 effects of short-term application (e.g. toothpastes and 
remineralisation solutions). An exception to these 
treatment concepts is the use of fluoride containing 
preparations, although their effect is not based on 
increasing the availability of calcium or phosphate on the 
35 area to be treated. 
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The purpose of the present invention is to eliminate the 
above mentioned problems and present a new, effective 
preparation for reducing or inhibiting pulpal irritation 
i e. hypersensitivity of a tooth. The preparation also 
provides a new method for effectively strengthening a 
tooth . 

The characteristic features of this invention are presented 
in the independent claims. 

This invention concerns a novel use of bioactive silica 
containing glass for making a preparation which reduces 
pulpal irritation and/or strengthens the tooth structure. 
This invention also concerns a pharmaceutical preparation 
which reduces pulpal irritation and/or strengthens the 
tooth structure. The preparation comprises a glass phase 
which is bioactive silica containing glass in the form of a 
paste, suspension or solution in a physiologically suitable 
liquid, or bound to a physiologically suitable vehicle such 
as fibrinogen or chitin. 

in the following, the term "bioactive silica containing 
glass" refers to a material comprising Si-oxide or Si- 
hydroxide wherein said material allows the formation and 
movement of Si-OH-groups . The bioactive silica containing 
glass may be, for example, either 1) bioactive glass, which 
refers to a mixture of Si-oxide or Si-hydroxide with one or 
more elements, the elements being: sodium, potassium, 
calcium, magnesium, boron, titanium, aluminium, nitrogen, 
phosphorous and fluoride? 2) water glass type sodium 
silicate; 3) silica gel i.e. Si-hydroxide; 4) solution 
comprising Si-OH groups; 5) silica gel comprising Ca, P or 
6) hydroxyapatite comprising Si-oxide or Si-hydroxide It 
is essential that bioactive silica containing glass allows 
the formation and movement of Si-OH groups . It is 
recommended that the bioactive silica containing glass also 
allows the formation and movement of calcium and phosphate 
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Figure 5 illustrates a ternary phase diagram of the 
bioactive area of certain oxide mixtures . In addition to 
Si0 2 , CaO and Na 2 0, the mixture can, of course, include 
oxides together with the elements mentioned in the previous 
5 paragraph. Some of the typical bioactive glass compositions 
are presented in Table 1. 

Table 1. Composition (weight-%) of some bioactive glass 
types 1-10. 

Class Type M CaO ^ ^ 

10 1 S57.5P5 16.00 18.00 5.00 3.00 0.50 57.50 

2 S56P6 19.00 16.00 6.00 1.50 1.50 56.00 

3 S51P7 20.00 17.00 7.00 3.00 2.00 51.00 

4 S53P4 23.00 20.00 4.00 0.00 0.00 53.00 

5 S45P7 24.00 22.00 7.00 2.00 0.00 45.00 
15 6 S52P8 25.00 12.00 8.00 0.50 2.50 52.00 

7 S46PO 26.00 25.00 0.00 2.00 1.00 46.00 

8 S38P8 27.00 23.00 8.00 1.00 3.00 38.00 

9 S48P2 28.00 19.00 2.00 1.50 1.50 48.00 
S55.5P4 29.00 11.00 4.00 0.00 0.50 55.50 
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Bioactive silica containing glass is used in the 
preparation in the form of a powder suspended in a 
physiologically suitable liquid or is bound to a 
physiologically suitable vehicle. The preparation should be 
sufficiently moist so that chemical interactions between 
the glass phase and dentine are maintained. 

The glass phase of the preparation may consist solely of 
Si-oxide or Si-hydroxide, such as silica gel. 
Alternatively, in addition to Si-oxide or S i -hydroxide , the 
glass phase may include one or more of the following 
elements: Ca, P, Na, K, Al, B, N, Mg, Ti or F. 
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The suitable composition of a glass phase could be as 
follows : 

Si0 2 or Si-gel 1 - 100% 

CaO 0 - 40% 

5 P 2 0 5 0 - 60% 

Na 2 0 
K 2 0 
MgO 



0 - 45% 
0 - 45% 
0 - 40% 



Although silica gel or water glass type of alkali 
L0 containing silicate glass can induce the mineralisation of 
dentine with the help of the calcium and phosphate present 
in the body fluids, it is advisable to use such bioactive 
glass compositions which comprise calcium and phosphate. 
Alternatively, calcium and phosphate containing sources, 
15 such as ceramic powder can be added in the preparation. 

Suitable binding agents are, for example, fibrinogen or 
chitin. 

The preparation can also comprise substances which promote 
crystallisation, such as Ti0 2 . Agents assisting 
20 crystallisation refer to the agents which contribute to the 
formation of a crystal or assist in increasing their size. 

The preparation is placed in contact with the surface of a 
tooth, in a periodontal pocket, in a drilled cavity or on a 
polished surface or otherwise exposed dentinal surface, by 

25 covering the area locally or widely with the said 

preparation. The preparation can then be covered with a 
protective packing, cementum or with some other 
corresponding method which prevents the displacement fo the 
preparation. Figure 6 presents the application of a 

30 preparation against the dentine surface. 
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A few embodiments of the invention are presented in the 
following: 

when dicing a temporary filling, it 1. Possible " 
mineralise , sclerose) the dentine tubules by f ™ ^ e 
bottom of the cavity cleaned from caries with the >-°«*" e 
sllioa containing glass (Figure 7, according to the method 
presented in this invention. The remaining hard 
layer will be strengthened and possible pulpal irritation, 
caused by the permanent filling or its preparation, is 
^'ctd in otLr words, *»» layer strengthened with 

the method described in this invention also serves as an 
insulating layer. In cases of non-existent or very thin 
dentine layer! the glass acts as a bioactive surface which 
favours the formation of secondary dentine. In addition, 
well mineralised dentine is more resistant to new caries 
attacks than less mineralised dentine. 

The erosion of a tooth refers to a phenomenon in which the 
surface of a tooth is dissolved by acids which 
Educed by bacteria as in the case of caries Sue > acids 
, enter the mouth if gastric Juice frequently rises to the 
oral cavity (e.g. acidic burps and bulimia). This may also 
happen, for example, in the case of heart burn (ulcer, , 
onfeats a lot of citrus fruit and ^s^™",. 
sports drinks. In such situations, the surface 
5 quickly erodes (Figure 8) and the tooth becomes 

hypersensitive. By treating the primary disorder and 
spaces according to the method of the present 
two benefits are obtained-, hypersensitivity is eliminated 
and the dentine becomes more resistant to new *^ 
l0 attacks because of its higher degree of mineralisation. 
Since the screlotisation of dentine strengthens the tooth 
gainst mechanical wear, too, the «~"».°* f ^ itl(m 
invention can be used - ZZ^ool^i^ 
damages, for example, those caused oy wrony 
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in teeth which require root canal treatment, the pulp is 
dead and nearly always infected, which results in the 
destruction of the bone surrounding the apex of the tooth's 
root. With proper treatment, it is possible to keep this 
kind of a tooth functional. The tooth is, however, more 
fragile than a healthy tooth and it cracks and even breaks 
easily. By filling the empty root canal temporarily with 
the glass paste/ suspension of this invention before the 
final filling, it is possible to mineralise the dentinal 
tubules and strengthen the tooth .4 Figure 9 ) . At the same 
time, the method creates a favourable environment for the 
healing process of the bone at the apex of the root. 

in the crown prosthetics, a tooth is trimmed into the shape 
of a conic pillar, on top of which a crown is fitted. 
During the trimming process, a huge number of dentinal 
tubules is exposed, which results in highly sensitive teeth 
until the work is completely finished. The trimmed teeth 
are covered with temporary crowns during the process. 
Temporary crowns can be fixed into place using bioactive 
silica glass containing paste as a binding agent (Figure 
10.). The benefits are the same as with the restorations. 
The pillar becomes stronger, hypersensitivity problems 
disappear, and when finished, the dentine at the edges of 
the prosthetic crown is less susceptible to caries. 

>5 The obtained clinical effect is based, firstly, on the fact 
that the preparation induces crystallisation of apatite xn 
the dentinal tubules of a tooth; and secondly it promotes 
dentine formation as a result of the induction of 
odontoblast activity. 

30 From the standpoint of desired action, it is preferrable 
that the high calcium and phosphate ion concentration is 
maintained in close vicinity to the dentinal tubules long 
enough to ascertain that the ions are diffused into the 
tubules as deep as possible. Actual 

35 precipitation/crystallisation is induced by a factor, 
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called a nucleator, which lowers the energy barrier 
preventing the crystal formation and initiates the natural 
closing process of dentinal tubules. In the present 
invention, the nucleator, as well as the ions contrx - 
to the composition of the precipitate and the crystal size 
are brought from outside by keeping the active silica 
containing glass in contact with the tooth. 



10 



15 



20 



Nucleation: 

Mineralisation as a biological phenomenon is complex and 
difficult to control. To understand its fundamental 
mechanism, mineralisation is a target of intensive and 
continuous study. One of the basic features relating to 
mineralisation, is that although serum and tissue flurds 
are supersaturated solutions with regard to calcrum and 
phosphate, spontaneous crystallisation does not take place 
in tissues. Thus, for example, tissue fluid or other 
solutions with equivalent concentrations of calcium and 
phosphate can be kept in a test tube for an endlessly long 
time without any crystal formation. If a tiny crystal of 
hydroxyapatite is then added into the test tube, the 
costal starts to grow at the expense of the calcium and 
phosphate in the solution. Crystallisation is not -^" ted 
without assistance because the condensation of the xon 
Inters, which is the prerequisite for the formation of a 
crystal nucleus, requires energy as chemical reactions 
generally do. Crossing the threshold requires specral 
conditions and/or an outside factor (nucleator) . 

in principle, the initiation of crystallisation, 
forLtion of an crystal nucleus, can be assisted ,n three 
30 ways: 

1) The amount of inorganic ions can be increased, so that a 
certain critical number of ion clusters are formed locally 
and simultaneously in a small space. Under these 
conditions, the energy threshold preventing the 
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The 



condensation of any of the ion clusters may be crossed 
formed crystal nuclei progresses the crystallisation either 
by growing in size itself or acting as a nucleator for the 
other still labile ion clusters around it (secondary 
5 nucleation). If the crystal formation is initiated as 
described above, it is called homogenic nucleation. 

2) With the presence of a factor (nucleator) which lowers 
the energy threshold preventing the formation of a crystal 
nucleus, it is not necessary to increase ion concentration. 

10 If the crystal formation is initiated with the help of an 
outside nucleator, it is called heterogenic nucleator. 

3) There are also agents which raise the energy threshold 
thus preventing the formation of a crystal nucleus. One of 
the most well-known of these agents is pyrophosphate. 

15 Consequently, the removal or inactivation of such a 
locally-acting inhibitor may assist mineralisation. 

Once a crystal nucleus has formed, it continues to grow so 
that new ions continuously diffuse from the solution onto 
the surface of the crystal. In a normal biological 
environment, the mineralisation of connective tissue also 
involves cell activity. The cells build a mineralisation 
frame formed by the extra cellular matrix. At least at the 
beginning of the mineralisation process, small membrane 
lining structures (matrix vesicles) can be seen on the 
surfaces of the cells forming hard tissue. The vesicles 
contain calcium binding lipids and alkaline phosphatase. It 
is thought that it is specifically these conditions that 
are especially favourable for the formation of the first 
crystal nuclei. Once the crystal nucleus has formed, the 
vesicle bursts and the crystal leaves the interior of the 
cell and becomes a building block for hard tissue. Since 
these vesicles only appear at the beginning of the hard 
tissue formation, it is apparent that there must also be 
other mechanisms which lead to the mineralisation of a 
tissue, in fact, the extracellular matrix contains quite a 
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few organic molecules which may act as nucleators, at 
least, in vitro. These molecules include, for example, 
osteonectin, phosphoproteins , collagen, anionic 
phospholipids and sulphur containing compounds such as 
chondroitinsulphate and ceratansulphate . 

Alkaline phosphatase is always found where hard tissue is 
formed. Its role in the formation of hard tissue is not 
completely clear. It is obvious, however, that xt is an 
enzyme, which in the alkaline environment participates both 
in the hydrolysation of different organic compounds and xn 
the release of phosphate ions. 

intratubular dentine does not contain an actual 
mineralisation frame (organic matrix). This is shown when 
demoralised tooth samples are prepared and dentxnal 
tubules appear hollow at those sites which were filled wxth 
intratubular dentine. This does not exclude, however, the 
involvement of nucleators in the mineralisation of 
intratubular dentine. The situation appears to be just the 
opposite, because odontoblasts and/or their processes are 
Known to respond to certain stimuli and are able, at least 
to some extent, to accelerate the formation of P-^txve 
intratubular dentine. It is also possible, however, that 
the primary stimulus does not stimulate cell activxty, but 
is sufficient to initiate the degeneration of a cell. 
Consequently, parts of a degenerating cell may ac * 
nucleators. The latter case is, at least partly 
of a pathological phenomenon. The third alternatxve xs that 
certain components of the tissue fluid flowing into the 
dentinal tubules act as nucleators. This kind of a 
30 situation is created, for example, when the cementum layer 
of the root surface is removed during the treatment of 
periodontitis and the dentinal tubules are exposed as a 
wound-resembling surface with open connections to the pulp 
of the tooth. 
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Silica as a nucleator: 



10 



The dissolution of silioa from the glass type used l the 
lamples is minimal when the P H of the surface is below 9 . 
7ZZ this value, its dissolution increases 
and is dominant when the P H exceeds 9.5. A characteristic 

its surroundings, its . t rf 

It is clear that when using small granule sise in a limited 
reaction space, the pH becomes guite high which in turn 
Tsults in an abundant release of silica. In a biological 
environment, silica also spreads out into tissues. 

The Ca,P layer precipitating on the surface of the glass is 

for apatite crystals is important. 

0 When glass comes into contact, f * f^'^j^L by a 
fluids, the surface reactions of the glass are , , 
quick ion exchange as the hydrogen ions and H,0 ions 
Idy fluids dlffuse onto the surface of ~ 
alkaline Na and K ions, in turn, are rex 

alkaline «a o^.n-si bonds of the glass 

>5 glass. The network formed by the Sx-0 Si £»o 
iD gxao=. below 9.5, immediately 

are broken, but may, if pH is oeiow y , 
"polymerise into a silica-rich, gel-lixe layer on the 
snrfacl of the glass. In such a situation, however the 

— - — ^rr;:- of r ur^Ca 

30 riTtttng"^^ r^IxcLnge. ~w silica content of 
the glass and open structure formed by the silica atom 

the glass anu F , . ___ The calcium and 

network, promote rapid exchange of ions The 
phosphate ions in the glass are diffused through 
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silica-rich layer; and, they first form an 

Tz: r s Tr::;nt a :r:ontact «- - r • — . - 

5 a ays that follow, the silica-rich layer and 

Jciumphosphate layer become gradually ^"^^se 
8a me time, amorphic calciumphosphate "arts to 
into apatite. The formed apatite layer is rrch rn srUca. 
5L. is an indirect proof that in ^n |— aE 

in formed by glass and liquid, it is tne sixx 
10 formed oy y , ^ . • _ n The above mentioned 

a nucleator for crystal formation. Tne 
reactions on the surface of the bioactive glass are 
illustrated in Figure 11. 

The present invention is described in more detail in the 
15 following examples. 

Fvam ple 1 

SiO, (Belgian sand,, Ka^O,, CaCO, and CaHPO.H,0 were mixed in 
the desired proportion and poured into a P^^"- 
Th e crucible was placed into the oven "^"L C ven « d the 
20 three hours, the crucible was taken out of the oven 
»elted composition was poured into cl ea n w. «r . *» 
composition of the resulting crushed glass wa , 
to composition number 4 (S53P4) rn Table 1. The gla 
mediately removed fro. the water and rrnsed wrth 

" Tend ^^TS^« were 

" iLcted for future use. The produced glass powder was 
^^Preparation described in the present ^ 

3 0 -orr^o^rthe surface of the root 

of a tooth. 

F.vample 2 

The glass powder (S45P7), the composition of which was 
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equivalent to number 5 in Table 1, was prepared. The same 
raw materials and methods as in Example 1 were used in the 
preparation with one exception: the melting time was 2.5 
hours at 1340°C. The prepared glass powder was suspended in 
5 a physiological saline solution before use. 

Example 3 

The glass powder (S46PO) of composition number 7 in Table 1 
was prepared as described in Example 2. This composition 
does not contain phophate. The prepared glass powder was 
10 suspended in a physiological saline solution before use. 

Example 4 

The composition described in Example 3 was modified so that 
A1 2 0 3 was replaced with an equivalent amount of Si0 2 . 
Otherwise, the glass powder was prepared as described in 
15 Example 3. This composition released silica more rapidly 
than the composition in Example 3. The prepared glass 
powder was suspended in a physiological saline solution 
before use. 

Example 5 

20 Sodiumsilicate glass powder was prepared according to the 
method described in Examples 1-4. Si0 2 and Na 2 C0 3 were used 
as raw materials and the glass was melted for 3 hours at 
1350°C. The prepared glass powder was suspended in water 
before use. 

25 Example 6 

A commercial water glass, i.e. sodiumsilicate solution, was 
used as such in the preparation of the present invention. 
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Example 7 

A commercial water glass was neutralised with hydrochloric 
acid. The formed Si-gel was washed with ion-changed water. 
The Si-gel was dried and the powder was suspended in water 
5 before use, as described in Example 1. 

Exa mple 8 

Preliminary clinical experiment: 

Six people (5 women and 1 man), with an average age of 51, 
participated in the experiment. Four subjects had recently 
10 undergone a periodontal flap surgery. All six subjects 

suffered from tender and hypersensitive dentine. A total of 
19 teeth were treated. A bioactive glass powder (S53P4; 
Table 1; maximum particle size 45 m) was mixed in a 
physiological saline solution to form a suspension/paste 
15 immediately before use as described in Example 1. The areas 
to be treated with the preparation were washed and dried 
carefully. The paste was spread over the area with a foam 
pad to form a fairly thick layer. The area was covered with 
a surgical packing (Coe-Pak) for a week. Patients' 
20 subjective sensations of pain, measured by using a visual 
analogue scale (VAS) immediately after the treatment 
period, was used to assess the reduction of pain. Pain was 
triggered by using a blast of air and scraping with a 
probe. The degree of pain was measured at one end of the 
25 scale as severe pain and as no pain at the other end of the 
scale . 

Results : 

Figure 12 shows the subjective estimation of pain after the 
initial treatment. For all the patients, the pain 
30 practically vanished after one single treatment. The 
treatment was repeated for two_ subjects, after which 
neither of the patients experienced pain when the tooth 
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surface was probed or air blast. One patient returned for a 
post-control check after 3 months . She experienced no more 
hypersensitivity . 

F.y ample 9 

5 small samples extracted from the gingiva in connection with 
tooth exposure operations, performed on young patients were 
cultured on a bioactive glass substratum, S53P4. Generally, 
the tissue samples were found to grow well on the surface 
of the glass and the tissue culture technique was suitable 
10 for studying reactions between bioactive glass and 

different types of soft tissue. The advantages of tissue 
cultures are that it is possible to study the reactions of 
both epithelium and connective tissue simultaneously. When 
the samples were examined electronmicroscopically, 
15 epithelial cells were discovered to have formed an organic 
attachment i.e. hemidesmo somes , and a structure resembling 
a basal lamina, against the surface of the glass. 

This experiment, published earlier (18), showed that 
epithelial tissue accepts bioactive glass and adheres to 

20 it. 

Rvam ple 1 0 

CaP-precipitatations found in cultured connective tissue in 
vitro 

The tissue cultivation was performed as described in 

25 example 9 . 

Von Kossa staining, which stains the calcium salts, 
revealed CaP -precipitation extending from the surface of 
the glass, deep into the connective tissue when examined 
under the light microscope. Analysis of the sample with a 

30 scanning electronmicroscope confirms the histological 

finding: collagen fibrils of connective tissue are trapped 
inside the apatite layer growing on the surface of the 
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glass (Figures 13 and 14). 

The element analysis of the samples also shows that Si-ions 
diffuse deep into the connective tissue. 

Example 11 

5 In vitro experiments on decalcified dentine 

An extracted tooth was sliced into 200 \im thick sections 
and treated with hydrochloric acid to dissolve the 
inorganic components. Dentinal tubules became open as the 
highly mineralised intratubular dentine dissolved away. The 

10 remaining matrix was soft and contained nearly pure Type I 
collagen, the same as, for example, the connective tissue 
of the oral mucosa. By using the tissue culture technique 
described in Example 9, dentine was incubated for 5 days in 
the culture. The glass (S53P4) and collagen were not found 

15 to adhere to each other, but as the collagen sample was 
bent manually, it felt rigid, as did the dentine section 
before the acid treatment. When studied under light 
microscope, it was discovered that the section had 
remineralised at the depth of 100-150 um. The dentinal 

20 tubules near the surface of the glass, were fully 
mineralised (Figures 15 and 16). 

This experiment shows that bioactive silica containing 
glass acts as a vehicle which can be used to mineralise 
collagen structures and close the dentinal tubules in the 

25 dentine. The experiment clearly shows that it is possible 
to strenhthen tooth tissue with the preparation according 
to the present invention when it is used in association 
with root canal therapy and filling of a tooth. The 
experiment further shows that with the help of the 

30 preparation of the present invention, it is possible to 
harden collagen and prepare an agent suitable for a bone 
substitute or for another type of preparation which can be 
implanted in living tissues. 
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ffvam ple 12 

In vivo experiments in rats 

Experimental periodontal bone defects were made palatally 
beside the molars in upper jaws of rats. Bioactive glass 
5 (composition = S53P4 in Table 1) powder (granule sxze 

250-315 mid) mixed in a salinfe solution was applied to one 
side of the jaw, the other side_ serving as a control. To 
initiate the healing process of the bone defect, bioactxve 
glass was allowed to act for 3 weeks. Soft tissue appeared 
10 to be similar both on experimental and control sides. 

Epithelium readhered onto the surface of the tooth, and 
connective tissue did not show infiltration of inflammatory 
cells. The material was found to be biocompatible at this 
location . 

15 This experiment demonstrated tissue compatibility of the 
material in vivo. 

It will apparent to the experts in the field that the 
embodiments of the present invention may take different 
forms in the scope of the claims presented hereinafter. 
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CLAIMS 



1. Novel use of bioactive silica containing glass, 
characterized in that said glass is used in the 
mnanufacture of a preparation useful to reduce pulpal 
irritation and/or strengthen the tooth structure. 

5 2. The use according to claim 1, characterized in that the 
bioactive silica containing glass is used in the form of a 
powder, paste, suspension or solution with a 
physiologically suitable liquid, or is bound to a 
physiologically suitable vehicle. 

10 3. The use according to claim 1 or 2, characterized in that 
the bioactive silica containing glass includes calcium and 
phosphate ions, or that calcium and phosphate providing 
sources are added to the preparation. 

4. A pharmaceutical preparation reducing the pulpal 
15 irritation of a tooth and/or strengthening the structure of 
a tooth, characterized in that the glass phase including 
bioactive silica containing glass has been mixed with 
- a physiologically suitable liquid to form a paste, 
suspension or solution, or 
20 - a physiologically suitable binder, such as fibrinogen or 
chitin which yields a preparation which is moist enough to 
maintain chemical interactions between the glass phase and 
dentine thus enabling the transfer of silica into the 
dentine tissue. 

25 5. The preparation according to claim 4, characterized in 
that it comprises calcium and phosphates sources. 

6. The preparation according to claim 4 or 5, characterized 
in that said preparation comprises an agent promoting the 
growth of crystals in the target tissue. 
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7. The preparation according to claim 4, 5 or 6 , 
characterized in that the glass phase 

- is solely Si-oxide or Si-hydroxide such as silica gel, or 

- comprises in addition to Si-oxide or Si-hydroxide, one or 
5 more of the following elements: Na, K, Ca, Mg, B, Ti, Al, 

P, N or F , or 

- is a solution comprising Si-OH-groups . 

8. The preparation of claim 7, characterized in that the 
composition of the glass phase -is as follows: 

10 Si0 2 or Si-gel 1 - 100% 

CaO 0 - 40% 

P 2 0 5 0 - 60% 

Na 2 0 0 - 45% 

K 2 0 0 - 45% 

15 MgO 0 - 40% 

9. The preparation of claim 7, characterized in that the 
composition of the glass phase is as follows: Si0 2 53%; CaO 
20%; P 2 0 5 4% and Na 2 0 23%. 

10. The preparation of claim 7, characterized in that the 
20 composition of the glass phase is as follows: Si0 2 45%? CaO 

22%; P 2 0 5 7%; Na 2 0 24% and B 2 0 3 2%. 

11. The preparation of any of the preceding claims, 
characterized in that the preparation comprises ceramic 
powder . 
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NERVOUS PLEXUS 
FIG. 3 
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A = BIOACTIVE AREA 

B = INERT AREA 

C = SOLUBLE GLASS 

D = NO GLASS FORMATION 



FIG. 5 
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FIG. 7 
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FIG. 8 
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FIG. 9 
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FIG. 10 



WO 96/10985 



PCT/FI95/00539 



11/14 




WO 96/10985 



12/14 



PCT/FI95/00539 




WO 96/10985 



13/14 



PCT/FI95/00539 




FIG. 14 



WO 96/10985 



14/14 



PCT/F195/00539 




FIG. 16 



INTERNATIONAL SEARCH REPORT 



International application No. 

PCT/FI 95/00539 



A. CLASSIFICATION OF SUBJECT MATTER 



IPC6: A61K 6/027. A61L 25/00 

According to International Patent Classification (IPC) or to both national classification and IPC 
B. FIELDS SEARCHED — — — __ 



Minimum documentation searched (classification system followed by classification symbols) 

IPC6: A61K, A61L 



Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched 

SE,DK,FI,N0 classes as above 



Electronic data base consulted during the international search (name of data base and, where practicable, search terms used) 



C. DOCUMENTS CONSIDERED TO BE RELEVANT 



Category 



Citation of document, with indication, where appropriate, of the relevant passages 



WO 9117777 A2 (UNIVERSITY OF FLORIDA), 

28 November 1991 (28.11.91), abstract; claims 1,4, 
22; fig 4 



EP 0511868 A2 (ONODA CEMENT COMPANY, LTD), 
4 November 1992 (04.11.92), page 5, 
line 35 - line 38, abstract 



WO 9320858 Al (FIDIA S.P.A.), 28 October 1993 
(28.10.93), page 3, line 2 - line 22, 
abstract 



Relevant to claim No. 



1-11 



1-11 



1-11 



|~| Further documents are listed in the continuation of Box C. See patent family annex 



"V 



Special categories of cited documents: 

document defining the general state of the art which is not considered 
to be of particular relevance 

erlier document but published on or after the international filing date 

document which may throw doubts on priority claim(s) or which is 
cited to establish the publication date of another citation or other 
special reason (as specified) 

document referring to an oral disclosure, use, exhibition or other 



"P* document published prior to the international filing date but later than 
the priority date claimed 



*T* later document published after the international filing date or priority 
date and not in conflict with the application but cited to understand 
the principle or theory underlying the invention 

"X" document of particular relevance: the claimed invention cannot be 
considered novel or cannot be considered to involve an inventive 
step when the document is taken alone 

*Y* document of particular relevance: the claimed invention cannot be 
considered to involve an inventive step when the document is 
combined with one or more other such documents, such combination 
being obvious to a person skilled in the art 



* A* document member of the 



: family 



Date of the actual completion of the international search 



11 January 1996 



Date of mailing of the international search report 
15-01.1996 



Name and mailing address of the ISA/ 
Swedish Patent Office 
Box 5055, S-102 42 STOCKHOLM 
Facsimile No. + 46 8 666 02 86 



Authorized officer 

Jack Hedlund 

Telephone No. +46 8 782 2S 00 



Form PCT/ISA/210 (second sheet) (Jury 1992) 



INTERNATIONAL SEARCH REPORT 

Information on patent family members 



International application No. 

PCT/FI 95/00539 



Patent document 
cited in search report 



Publication 
date 



Patent family 
member(s) 



Publication 
date 



28/11/91 



NONE 



EP-A2- 


0511868 


04/11/92 


JP-A- 
US-A- 
JP-A- 


4329961 
5304577 
5023389 


18/11/92 
19/04/94 
02/02/93 


W0-A1- 


9320858 


28/10/93 


NONE 







Form PCT/ISA/210 (patent family annex) (July 1992) 



